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e f r aq~-~ ’~~-~t ion of the ions of the compound rionan-4-one we re
stud ied ~n de ta ’ 1  w i t r  Iow-enerqy col l isio n -~nduced d issociation (CID)
in a triple quadrupolc’ r~ass spectrometer . Ions of the sample molecule
created in an El sourc e are mass selected by a quadru pole mass filter ,
dissoc iated by l~~.-energy co l l is ion with neutral molecules in a quadru-
pole collis ion chanter , and the d i ssociation products are mass-selected 
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by a second •~u~dru:’t le mass analyzer . The norma l (1 mass spectru m of
nonan-4-one shows 4 7  fra~ r-~’nt ions. ;~ fragmentation spect -r is obtained
for each of the ion s from the (I source. The result is the pos itive
i dentif ication of over 400 parent-dau9hter pairs . This compares with a
tota l of 47 observed pa i rs (37 ~unfirr*d) f rom dill pre vious metastable
ion studies . alkanone fragmentation s are observed : z~~j~~v•&Q~~ ,~~ ~~~~

l oss o f CO or C 2144 f r-or ~-c ieavage ions , and Mclafferti re~rran gemen t 
- - 7

in the long ~~ain . The reI~ t i v ~ abundances of the short cha in and lon~
cha i~..-~-cleavage fragments art’ demonstrated to depend on ~~~~~~ ~raqrienta-

~t.i-o1i energy available td th th~ Ior;.~ cha in fraqn~nt ~redcr i r5 i~ ing at

/ 
- l ower energies .

The fragmentat ions observed ~re grouped for diScuss ion . A number
of parent-daughter Structure s and fragmentation r~ecn~in~smS ~re con fir~c’~’
and some new ones are proposed. Yfrw graph ical re:re’.~ rtat1ons ~:f the
fragmentation pattern s fl~~vt’ been devise •l to acconiiiodate t m  large amoun t
of inforw.dtlon produced in this Stud y .
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— T H I  FRAGMENTATION OF THE IONS OF P4ONAN-4-ONE :
A STUUY BY TRIPLE QIJADRUPOLE MASS SPECTROMETRY

R .A . Yost and C.G. Enke

Department of Chemist ry, Mi higa n State Univers i ty
1. Lansing, MI 48824

The e)ec tron— i~-p~i .t i c ~~~ e<i fragmentation of ~ih,h u t l c  • , tone’~ has been

widely tn v e sti- ~ated (1). The tcchniq~ ’s whhh have been

ut ili: * -d to ht- lp in these 5 t j ~i1n incH ~~~~~~ metast~!~le decomposition

studies (-4). i~~~n • ,~ lotro n resonan ’- (~~i~~) ( 5 ) ,  and the ‘~ Of deutertun)

label l ed compounds (-i - 7). ~~‘ ‘ ~~~~~~~ ~. u l i r  a t t ’ r t i n  qi .. t - -  nonan-4-one

1’i S 
~~
‘
~~
.‘ - a c • 

~~
-
~~
‘.- 0’ ‘_ ‘- “ ~~~~~~~~~~ ~ ‘~5 O~- ! .~~ d ‘ ‘ -  ‘ t~’i’ , ( r

~~ r . ~.n( i N ’

an Ion ~tn et ic (ri+ r-~, ( ‘ J  ) ‘~rec t r orw~’te r (7) . ‘*~jç ;~.i~tr ~e’.~ ri bes a detailed

st~d~ )~ the fraqr~ ntati~ n ~~
‘ t h is  ~c ;‘~ und using low-energy collison-

in duced dls soc iat ’ n (d o) n’ - - n lnL ted  i ons in a tr i;lv quadrupole mass

spectrometer.

£~perin-.enta l

r selected ion fragme ntation , severa l ion ‘,~ ec i~~’- are generated from

a car -pi e , ions - ‘ a ;- ,irticu ’I a r  mass a re selected fo r ‘ragmentation , and the

t e - ,~j 1 t i n ;  fra~~~nt i c n 5  are ‘mass ana l~ .’td . As the r,resent study illustrates ,

the use ~f tb - ’ sr 4 u ent ia l st5i -~e~ of mass ana h-’is with fragmentation occuring

between the’- ~1~ es ‘ °  slt i ie to &terrlne the routes of formation and

fragmentation of Ions in the mass ‘-pNtrum .

~~~‘ recently introduced the concept 0f performing selected Ion frag-

mentation wP’~ a t rip l e quadrupole mass spectrometer (8). The instrument

used in this study has been described (9). It consists of, In series, a

dua l chemical i.~ini za tion/electron Impact (Cl/El) Ionization source, a quad-

rupole mass filter , an RI- onl y quadrupole that can be pressurized for CID,

1 Curren t addresst Department of Chemistry , Univers i ty of Florida . Galr’~~v-fle, FL
32611
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a second quadrupole mass filter , and an electron multiplier . Mass resolution

of one part in 1500 is possible over the entire mass range of 1-1000 amu .

The high efficiency of each component in the system allow s fragmentation

processes of very low probab ility to be readily observed (9).

Results and Discussion

Fi gure 1 display s all the collisional fragmentations observed in this

study (below the diagonal) and all the metastable tran siti ons seen In the

IKES study (above the diagona l ) (7). The El mass spectrum of nonan-4-one

shows 47 fra r~-nt inns, and  the --v~~ctab ie St u d ,  indi cates 37 confirmed and

7 unconf irmed r t~is t a - i t ’ t rans lt inn’ , . The triple quadrupole system shows

over 400 c :o ~e ~~‘ ic” include the 44 fragmentat Ions observed in the

metastable data as well is -i ~
- - t ~~ others . ~wt  only doe s the triple

quadr-u;ol .- syst o ’ ’  C ID ;r~ du ~ e a sl~;n~ficant Inc rea- ,e in the number of

fragmen tation-i obse’ tr :. i t also provides direc t mass a !aly sl s of both the

parent and daughter ions ~it unit ‘mass resolution.

A combination of ~or çH~~’wntar ~ methods was used In the I I(ES study of

metastable tran~ it1ons ( 7 ~- . Tn. -’ ~inp t1c energy loss upon inetastable frag-

mentation results in broad pea’s which make d if f i cu lt  the unambiguous mass

assignment of the :ar,’nt and fragment ions (e.g. l42~.99 or l42 -.98~) in

IKES scans . (~~ n t hese sca ns i t is the ratio of parent Ion mass/charge

— squared to daugh ter i~ ri mass/charge that Is actually measured , so that

several pairs of parent/daughter Ions (e.g. l42 86~ and 71 .43 ) may

contr ibute to a single peak). Comparison of IKE spectra of Isotopically

la belled and unlabelled samples can help In the assignment of specific

trans i tio n s for each peak. In the high voltage scanning technique that was

also employed , mass losses of greater than 505 cannot be observed.

- —------5 ——-•~~~~ •---------- -- - - - ---- - ----- - -~~~~~~~~~~~~~~~~~ ------- ~—-- — —  --- —-- - - —  ---—- - -—-- --- 5— -~
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The major fragmentation s observed In the CID studies .i r t- dep ic ted

in Figure 2. The stars indicate transitions that are also ot nerved

In the metastable stud i es (7). Redundant pathways are not shown (e.g., l42’-.85~
Is not shown since the tran sitior~ l42 1’.ll4~ and ll4~-~85~ do appear). Note that

the CID data do not Indicate any ions of m/z not seen in the El r)ass spectr*r ;

rather, they provide interconnections between these ions, s~e i fi c fragmenta-

tion pathways for the production and furthe r fragmentation of each ion .

The fra gmen tation- . no !-mall y attributed to alkanones are a l l observed:

~~~~~ leavage (l! .-. .~nj 
~~~~ . 

.7) ’) ,  loss o’ CO or C,H4fro~- th i

- -clea vage ions (99~~7l~ and 71 I
.43

f
), Mclafferty rearrangrnent in the long

chain (l42~~86~),and the resultant double McLafferty rearranoenient (86~-.58~ ).

These transitions, also seen in the I~ 1S study of metastables , account for the

genesis of the five major fragment ion s in the electron impact mass spec’ ~i.

These fragmentation s also sh~~ sane l ight on the preferential i-cleavage of

the short or long chain. A t hi~jh collision gas pressures (lxlO 4torr Argon), the long

chain is prefer entiall y elir-inated , as Is the case in 70eV II spectra (1). At

lower collision gas pressure (2xl~~
5 torr Argon), howe ver , the short chain Is prefer-

entlall y lost , a feature that is also observed in 10ev El spectra (10) and inetas-

table studIes (2). It has been ;-n’.tul a ted (10) tha t fur i. t i r  decomposition of the

Ion resulting f rom z-cleavage of the short chain is the cause of its reduced

intensity In the 70 eV [I s pec t rum. Further fragmentation s are minimized at

10eV , and therefore the short chain i-cleavage Ion remains the more Intense. The

CID data are In agreement with this rationalization , since multiple collisions

and therefore further fragmentations are more likely at higher collision gas

pressure. This rationale requires faster rates of decomposition and/or

more pathways for the further decomposition of the ion which results f rom

a-cleavage of the short chain compared to that f rom the long chain loss.

—.5 ’,
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That reasoning can be checked by comparing the degree of fragmentatior

in the CID spectra of the two -i -c~eavat~e ions . The ion arising from

3.cleavage of the short cha in (
~~~) shows 97t fragmentation (only 35

of the ion current is due to ~-; ‘) at lxl O ~~ t u r n  compared t o  only 88t

fra~nentat ion for th t- ion 7l~ ~~‘io ~ ar i-~t--~ f rom the ~~~~~~ ~ ~~~
‘ the  long

chain. Thi s higher probabiht-, for ‘ u r the r fragmentation of Q9~
’ compared

to 1l~ r~ p lai n-. why 71 ’ ~rvdo’r ’nates in ~~ses where enough enurgy ~s

avai la b le ~or f,4~~Zhi’r fr ;rwntit1 ~~n ( ~- r .  I or hgh ;~ r~ - . ’ ure CID) and

• why ‘
~~

-
~~‘ 

is  L1r4 ;t ’r when f urther ~r,~~r~~n t a t~~~n is un l1~o 
- ( - - .~ en.- r~~ El

or low ore- , •jr ~ CIP) .

In add i t ion to t’~ s- -
~~ ‘ n -i ; - -

~~ ‘
- i ti ons already or — ‘,t-rve ~i , a number of new

trans itions not prev iou si , reported are observed , SA. h as .~ Mclafferty

r. r r a n - ; t ~’~* r ~t In the  .‘~or~ cha i n and It~ further f ra ;r~~r t t  IOu ( l42~.l 14+ ,
+ + , 4 • 4

114 - . -~~ , ~i4 • 7 0  , ).  eleve n fragment ation — 0’ the methy l-loss

ion (127 ’) which ~~nf i  r~ the -~~t h yl loss in the ch ort 0-am , the for~~tion

and fra -~’mentat ion of the ~ ~Jr, ;un- I s .  ion ( l 4~’. 141 
• 

and 141 .99 , 14 l ’.86~ )

th e loss of w a t e r  ‘r r -  the ‘-cleavage ions (99’.8l ’, 7 1 .53 , 57 ’.3g ) and

the fragmentation of the resu ltant hydrocarbon ions . Over 350 fragmentatIons

not pr evious ),’ ri~~cr !~~-~ i’~ shown in ~~ur ’ 1. A number of these are discussed

i n the sections wh~~r fo l low , t o~ ethe r with fragmentations which confirm or

contract with those reported by the IK[S study . Discussion of the formation

and fragmentatinn of spe ci fic ions a;~ ears in the following sections , arranged

in order of decreasing m1 ’ z. All the trans itions discussed can b seen in

FIgure 2.

Group A~ 147 , 14)’

The CID spectru.aIi of 142 is very sim ilar In appearance to the El spectn.

of the molecule. The caine fragments are observed, w i th  the exception of the

- L~.
~~~ -—-—~~~-- — ~~——---- — 5-- ---5 --5 - —5-——-—- — --5 —-5—- --5- —- 5—- -5— —
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isotopic peaks, which are eliminated by the selection of 142’. ay controlling

the collisIon gas pressure and ion kinetic energy , the relative intens i ty

of the fragment peaks in the CU) spectrum can be made to agree almost

exactly with that in the norma l LI spectrum . The l4 2~.)4 l ’ t rans it ion ,

not seen in the me tast able study , is observed in the CID ddta .

Gr~~p B; )27’

The CID data confi,-mn that the l42’.127’ trans iti on ~ due to CH 3 loss

from the .h~ rt 0rmai n , as previ us 1
~ indicated by deuteriur~ 1~ tie lllng in the

metastable st~d,- . Major CID fragments of 177’ are due to further loss in

the short chain to produce 114 ’ ard - ‘
, ind lca t iii - ; that t O t -  long chain

in  12 1 i s s t i l l  intat ’. Another fragmentation is the loss c~ the elements

of propanol to form b- ~~,

~~~~ 
C ; 113 — 1 1 5

The fra~ nentati on of l1 3~ mnlmcates that it is 1or ,~d by loss of

C2H5,probably from the l ong ch ai n of the molecu lar ion , since both 99~

and 86’ are ~isc mnq . Note ilso the loss of C2H40 to 
fun- C5H9

+
.

The authors of the nwta stabl e study assigned the weak l42’.ll4 ’

unetastab le to the fragmentation process i n  eqr . (1), based on deuterium

lab ell in

~~~~~~~~~~~~~~~

142’ 114

5—
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All fragmentations of the 114’ ion , however , were attributed to the ion

which arises from the McLafferty rearrangement in the short chain as shown

in egn. (1).

-, (2)

147’ 114’

Based on the intense fragment ions of 114 ’ observed at 57 and 5F~
’ in this study ,

the structur e of the 114 ’ ion produced , electron 1n~~ j c t  is that shown

in eqn. (2). ;t ~s oul te possible that the Mc Lat fert :~ rearrangement which

i s observed in El a lso occurs ~ Cii).

The ion at 115 ’ i~ not an isotopic counterpart of 114 ’ sinc e its fragmentation

- + • +
bears l ittle resemblance to that ? 114 . he 55 fragment ion Is approxi-

matel y three time s as intense a’. any other ion and could result from the

followin ’i formation of 115 ’ fron a two-hydrogen rearrangement, loc~ of

C 3H5 to forr ‘3 , an- ’ ~~ss o’ 1120 to form 55’ [eqn. ( 3 ) j .

+
+ h O

- 

~~~~~~~~~~~~ 
~~~~~

142 115 ( )

-H~O

+ 
CID

0
55

4

--5—- —---5 -- —- ----5- - ——-5— - _______________________ _ _ _ _ _  ______--5——- - ——-— 5—- — — — —5 - _t_ -— - - - - -5-
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Group 0; 98”-JOQ”

In the study of metastable fragmentation , 99~ was observed to be formed

from 142’ by i-cleavage of the short chain as well as from 114”. The d O

data show formatIon of 99
4 f rom 141 ’ and 127’ as well. The fragmentation

of 99’ shows the exp ected losses , pl us the unexpected loss of water to form
+81 , as shown In eqn. (4) ,

4 4
0 OH

, ~~ 
- H20 

~~~
, (4)

99+ 
81’

The mechanism of H20 loss in branched-chain ketones has been elucidated (17) .

but the very low intensity of the ion due to this loss In stra i ght-chain

ketones has precl uded Its study by deuteriuni labelling or from experiments Involv-

Ing metastables. Despite the low i ntensity of the water-loss Ion , the CID data make

It possible to observe not onl y the loss nf w.iter , but also the further frag-

mentation of the product ion (81’). Analogous fragmentations which Indicate

the loss of water are seen for the other i-clea vage Ion (7l’),as wel l as

for 73’, 57’, 45’, 44’, and 31’.

The 98’ Ion Is seen as a fragment of 142’ In both the CID and metastable

studies, with an Intensity of approximately 5% of 994~ The CID spectrum

shows a moderately Intense 99’98’ fragmentatlon,whlch suggests that the

98’ may be formed by a two-step fragmentation from 142” through 99’.

( 
- -5
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The 81 ’ ion does not a~~;e a r  as part of any metastable t rans it io n wi th

~~u fflcient intensi t~ to b~ obs - ? .‘-
~~ in ; -

~~
-
~~~~ i ou Stu- ~1 t . Ii addi t ion

to its forma t ion , as le- ri bt-d in Oruu; > above, its fragmentation is

clearly observed . The ion series 53’, 4l~ /39~ , 29
’, 14 fro~i the even—

elec tron Ion suq ests a 6-ner bered ring.

The formation ~~~~ ‘ r~~ : 14.~
’ and 114 ’ was nott~t in t - t o  table st dies .

~ e uhst- t~~e ‘~ t i t rki i a 1 so a r t  t - ‘rom the ra ;r~~n at  i ~ n o 100’ . 99’ dfl d
$ 4 4 + + + . 4

86 . P c  ~5 shows t’ t ion - , •r i t  5- , 43 41, ~~ /77 , 15 ,‘i~ ; the

absence of i 71 ’ r 73 ’ ~ t - i .  is ‘n i ;  rt er,-n ’ w i t h  t~ - ~ yc 1 ;  •- rtan on e

st ruct ure .

The ion it ml: ~~ i 15 for r~~i as o . ;e ( ted ~ ‘so M~ ,~~ ‘.- ‘ t .- rearra nge—

ment in tn r 1 n - ~ ~ - i~ n 0’ t ’-e “i~1~ , 1 r  ion . Ano tht- r  ro~~~ e for i ts fo rmation,

h~~e~er ‘s o-~ loss of C - ‘ ~r~ ’ - t he ~‘oer Mcla f’t r  ~ -~ rrangement ion , 114 ’

The 87 ion is r~cJ b-i tot - M,~ a 4 ‘e rt  . ‘1” rearranqement ft~ - - tsr molecular

t~~ n . it ’. f r i; c- ~ n~ at ion is ;~~1~~o s i m i la r  to t hat of 86’ plus a hydrogen ,

vu- ith the e~ i_ e~- t io n ‘ 
~~~~~~ ~. r , l a r ic o7’ -4~- tr an s It io n (io ~ s of C 3H6 ).

Gr~~u~ ~ ; h ? -  3

The ‘-~7
’ ion has ne’ t .’t’n observed in earlier meta stat- le studies . Its

formation wi. d i - . ~~
. ed in Group B a~-nve . Its fragmentation pattern follows that

expected for the even-electro n C5H7
’ ion , and Is analaqous to the fragmentation

o’ ~l and 53  . ~be 69 and 70 Ions also show frag mentat ion patterns

indicative of cyclic alkane ions . The Cli ) spectrum of the even-electron

69’ ion shows very good agreement with that of 69’ from cyclohexane ; the
4 +odd -electro n 70 ion shows very s in-i lar fragmentation to the 70 ion of

n-octane.

--5-- - --5 -— ________
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~~~~ -. ions are i’~ot ,tr1c t t  71 ’, C5ii 1 1 and C4I~ . by (are ? Ui deuter iuis

labe l l i n  in the metas table c t  ~d i  t ’S fl + ion f r~r- ~~~ . 1 - l  ‘ , 11 and

has  000 5 t )~~~- t~ be ~~,H - - ; the 7 1 ’ .-
~~~~ ~rtn’ ~ 4 I~~ ’- been f O U n d

to - ‘ r r t - ~~~~~~ ~ bot h C5H1 I
’ a~~ . ,O . In t ’ IS c:o t~~- .t. , tho fo ri.i t ion

of ;i !roni a l l  0! t ese ions is ob ervei , as ~~l 1  o- t he production !

• . + . .

1 15 . ll - ~ , ~~~~ on~ 87 . . - - r Id t - I r of other fra g—

~~ntat  ions and t O o  nt~~tra 1 1 - 
~~~

- - i! -~ - - i ve d , 1 iS po cs ib i ’ . ass i q n  !‘t-

~~ 
r~~~ turt - !:r ’. - 71 ’ n ; - t -n it 87 ’ (by ~7 .- ‘ 

‘.~ 1 
~) and ~~

~~~~ of 27) .  ~~~~ ~~~ O~’r’ t O n t :~~‘•- ~ t ion . (I:.’’, l l ~ , ‘l4~ ) it is

not .
- - s i b l e  ‘ - -n ’’ ~~‘ s’~~~ t - 4 n e  ~~ 11 ’ !r~~, - . - ’ - t  ~‘ed r,

av ail ab~e ~ata . )e.t” i .- 1abel1in ~ -.,- -~ 1d aid in . e’ -~ s t - ~dies .

‘-e ‘ra ;- - o’ jtlor ;~t o ’  ~
- o~ 71 ’ ‘ron t h e  [ 5;-.-~~!’ i  0~ nonan-4-one

4 +
~~~~ -: as ‘ ‘ -

~~
• ri~~y In ’ - - - f ra  , - t . .~i !h hor n ;.i~- n t .  at 27 .

31 - i ot ~~~‘ - . i t  1 es 0 .  , 0. ‘S and 0.01 ~ respt’~ 1 . 1  r.-Li t i ~~~~- ~o 4

1 5 ,  ~~~~‘

, 41 , 5 ,  i r ~ Y- . ~~ — r  compar ison , t’~ - C D  - tra of C4H 7C~
’

f r~~ 7-pen’ ~~‘ n~ and C5’i 1 f ro”  n-r- c t a r e  here ~ 4 -~~~.Ur -
~ under si~~i ia r ex- 

~‘r!.i l conditi ons . ~~~ c~’ .— -~ ion shows ~~se mos’ intense fragment at

,,i’’ other frj ~re n t ,  at .7 , 7-~ , 31 ( i n t v r ’ , i t l e ’. 0.~ - ’ , 0,-no , and 0.075

relat iv e t - - 3  , p.’ 3g ’
~, -:i ’. ~ and 53

4~• T~ e c 5tf ; , 1 - n  produces a

CID ~~~ t ru - ..nth ~~~a lso tr r’ ~e t  in - t e n se fraqmen ’, and addit ional fragments

at ~7 and .
‘ ( l n t rns i ies  0.05 and 0.36 relative to 43 ), 15’, 39’, 41

k
,

+ 4 4
55 . an~ 56 . The 71 ion ‘m r  nonan-4-one shows fragments corresponding

to both the possible Ions , and is therefo rr undoubtedl y cowrosnl of t- - -~~

C4H70
’ and 1L~~

1 , .  based on the relat ive intens ities of the 27’ and 29”

peaks, the contrj~’-~’ ions to t~e 71~ ion signal are e s t i m a t e d  to  he

30~ C5H 1 and 7-3 1  C4H 70
’.

— -5--- -—-  _ _ _ _ _ _ _ _ _
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The 7 .’ ’ i on ,‘ielJs the ~ra~~I~’nt uti 0n s expec ted for t o e  add ition of H’

to 7 1 ’. The major pathwa ys for ‘ - r a t i o n  of 17 are ‘ , -Jeava qe + 1” from

l 14~ and ~ 7 , and M~ af f r r t  t n  a rt t’ - - It’;~~nt from 100 ’ ~r -  formation of

73~ mac- 115 ’ and it s I ma dnx ’ntat ion b, loss 0t  - - ‘ - r 55 discussed

in ~ m~- -u~ C. oto ijor ‘r t ~~~ n t a t i path~- ais tom 7 ~
‘ 

a r t - loss u ’

- t~ t~~r~ 4s an d  re spe~ t~ ~~

3rou~ -~~, 5-) -bO
. 4 4

‘ ‘- n  ions at Y , 51 , , 53 , and 54 all r 1 ~ ! r ,. ‘ t a t  ion

spec t ra t’;at a’’’ ;.nte ~ i r - ila r to ! i 5 r  for  t he  ‘,ar~ - it’: b r . -. ‘ r i  hydro—

S u c h  a -  ,-
~~ ~~

- ‘~~‘ .i’;e ~n n- o .  tare . ~~~t- ‘ I CO. iowe ,~~r , show s a

i n  I C  t he  spec t run— .,t 77 t ’ - a is 1/3 n~r,’a t -r in r.- 1 at i • e intens ity

than t o n ’  7 ion ~, (eni f rüi - 55 (. n ,)  in ‘ ‘~~t ’ rt ’ nc t’ il~~ar it’ C~D spectra ,

Th is ~ i, in J ~~c a ”  toat a s’~ t 1 J  ,
- , r t i cir - t’ -r 55 pea ’ i~ d.,e to the C3H30

’

r - .~1t h~ ,h t he  - ::i • ,;ie(~ I-
.

-- - 
‘~~ C 3R 30 ’ ba~ ‘ i t  ‘ - ~~~ ‘ measured for reference,

t ne  r~i ~ o r i ri ir~,.ntit Ion would I lid . be 5i~~~~, , WI th loss of CO. In the

S I mass spectru- o c.-~ l c :-~.n tanone . the  C 3H~3 ’ ion ccr~pr is f • c  ~4 ; of the 55’

base peak , .ini i t  f c-r -r’,it ion ‘— is  :een careful i i Sta l l • - ~~ ( 1 1 )  . It is

4 4 4 4 + +
ir~ robable ~r Iit~oss Ib le t h at  55 ‘(‘rr,e d fror 147 , 115 , 113 , 86 , 73

72’, 7~’, L6 14 11 ) ,  0 

~ 

~~~~~~~~~ ~~ C 3
H30 

: 
but It is possible that

fragmentation of 1,’ • 09 98 , and 7 1 ( C 4 fi 70 ) could produce C3
H
30

as well as •h , .

The peak at it ’: 56’ can also correspond to two different Ions ,

and ~~~~~ . ~~
‘- .‘ fragmentation matches that of C4H8~ 

with the

exception of th~ 28 ion wPi l L h ,s ‘ire intense than in th~ reference

spectrur’. TPi[ e~tr,’i intens ity at ‘t~
’ is ui...~oubtedl y due to the C2H4

t

fragment of C3H~
:; . Both C4H9 and C3M50

’ are possible structures for 
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t he 57 4 ion . Only the 57 ’ fragment from ~5
’ ‘nas been ass lqnlt’ L. (as C31450

’)

based on metastab le result ’.. The Cli ) data show that the 86’ I n  also

fragments to form C31450
’, but it is ir-;~oscibl e to positi~ ’ -i , assign w i t h ou t

further study e i ther the C4H~ or C,ti
3U
’ strun .tur e to the other 11 fragmen-

tatIons observed that lead t o  ¶
-
~~
‘
‘
, Toe d O  spectrum Of - 

-

. 

‘un - nonan-4-one

shows a peal. at 31 tha t IS not  o t - ,er~ ed in the other ~~ise sim il ar spec trum

of C4h~
’ from n-octane . Thu .31 

• 
i n t l  probabi -, i c r re ’  ~ on:s t the loss o’

C2H2 from C3
H
50
’.

The CID spec t ru-’ of t h~’ ’ - 
• 

i~ - ,n 5’ -niw s two- “.i ‘or - cot’,, 43 + and i5~ .

The in ter ; -  ‘- , ‘ttt i ,n 0’ t he  C~D 
- , “- t r u ’ Ii ~- 1 ~~a tt - - . the acetone ion (CH 3)2C0~;

co mparison w i r re ’ e rvn  e ‘ ,~iec t’ .~ so ow - . i t  to be i tort i i  Ui WI Ui

t n - -~ e f~ r (CH
3 ) - _ ~ I ro n- U c t ’  t -nt  and . — ;-t’nt atone

~~~~~ e~ 3.’-~ ~4~-

The ion’ -, at 3 8 ,  l -) , 3 ) . and 41 all show vt’r , c;oc~d agreement with alkar.-
. 4 4

re’’ t’ r i ’ nn c CI D 5; t’~ r a  ‘ “ ,‘ ion ’. ~t 47 , 43 , and 44 however , a re m i x tures

- ‘  al~ ane and keto ne i ons . The 4 . ’ ( 1 ? )  sb ’w ’, an a ddit i - n -na l Intense fragnw’nt

at I 4 ~n-:o .: ‘.‘ t ! 1iue to t0e “‘‘—~jt ion of CH from CH2CO’

The refe rence c D  spec ’.i n ’ the two possible 43’ions , CH3CO’ and

C~ r4 ,’, inc l ude all :h “~~~a—’e ions ; the — r~i difference is the ratio of

t”’e ln t e r - .lnes of the 71 and 15 ’ pea ks: approximately 5: 1 for C 3H7
+ 
, and

1:20 for CH3CO’. T he 4 3 ’ peak ~ron- nonari-4-one shows fragments at 2?~
and IS’ In the ratio 1:4. Based on these data, the 43’ peak corresponds

to 75~ CH 3CO
’, the rema i nder being C~H 7 .  The 43’peak Is quite c~ ivi~ n

In the CID spectra ; all but 3 irn s above mlz 57’ show a 434 peak .

The CEO spectruvn of 44’ shows the fragmentations that would be

expected for CH3CO” with one C13 or an extra H. The 45~
’ Ion Inc ludes 1430’

(loss of acety lene ) as one of the most intense fragment ions in Its CID spectri .

--

-~~~  S -~~s - - ,~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ — 5 —-. — -5——- - - --5— - - 
—



-5-
-!

- ------- - - ----------- -----5-- 
-5 —

Gro up l~ ?6
’-il ’

+ • 4 4 4
The t aIs at 26 , ~‘ , 28 , 29 and 30 al l  g ive Cii ) ‘5pe-~tr a wh Ich

adree well w ith tht’ reference CID spectra for hydrocarbon ions . Th~ 31’

ion , rio~ t’ver . ‘-u’ ,t ~~n n tai n 0, and indeed fragment ions are observed at 18’

4nd (31- 18 ) ’.

C;)SCL U ’~ ~7t~s

The a;l;nl 1 . a~ on of the tn  He quadrupole s- b - ’ . te rn - to t hi - cOl lis Icr — induced

diSsoc lat ion of tot ’ i n ’ . —
~~ ‘ u n - rn - 4 - one haS ident ified over 400 fraqrientat ion

paths. Thi s f’’iorr~.u ’, incr oa’ .e i n the ,ib’~’un t ~f Inforriation ava ilable for the

‘,tr~ ( ture elLscidat’ .r - ‘ the’ ~. or ;ni’urd compared to th it .dtaine d Ly earlier

ThIS metastable stud ie ’-. ‘s a res u l t  of - -o vo ral feature ’’. o~ the triple

~uadru;’-ule ‘,~ ‘-,~em : I) The use of C~ 7 increases t o e  nur~ er ~1 fragmentations

that occur , and th ei r rnt ” ’~~i t y . .
‘ ‘ The h i d O  c e n - . lt iv i ty  of the syster’

makes it :~o s s i b i~’ to st i ’ i -, t r ans i t i o ns  of ver, low i n t e r ’ , l t , ’ . 3) The use

of two stages of d i rect  r~a:,s a na l ys is  e l i r i n a t e~ any ar~ i~ u ity In the

ident ifi cation of :-aror- t and daughter ion r’- ’.’. 4) There is no restrict ion

on the neu tra l loss. 5) Unit mass resolution I~ achieved and I!, unaffected

by the kineti c emc r~;~ loss upon fra- ;-oentat ion .

Int erpretation o’ the CEO s~~rnct ra has made It possible to assign specific

structures to a nu~rter of the fragment ions of nonan-4-one. Confirmation

of these structures can be achieved by comparison of the spectra with

reference CEO spectra of ions of known structure . In the case of fragment

peaks wh ich corres pond to two Isobaric ions , It i s possible to estimate the

contributIon of each Ion by con~arison with the reference spectra,wlthout resort-

ing to the ~rqh resolutio n necessary to separate the Isobaric ions. The abi lity

L —~ fl— - - - - -5- --- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -----—------ -S ---_--5- ------ - ---—-~~--—- - -5--
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to measure the probability of further fragmentatIon for the fragment Ions

which arise from ~-c1eavage has made It possib le to exp la in  the apparent preference

for -cleavage in  the long cha in in 70eV (I spectra and for i-cleavage

in the Mort chain at 10eV .

A potentially powerful system for structure eluc ii ,itier: of organic

compounds should be realized by the contination of complete’ CEO fragmentation

data with computer programs which use heuristic or pattern recognition

techn i- .~ues for structu re id ent l fi cat ion . The completeness of the CEO

fragmentation data and their ab i l ity to show relatIonships anong the Ions

In the mass spectrurl should make compu er int erpretat ion extremely powerful.

- - ~~~~~~~ ‘ 
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FIGURE CAPTIONS

FIg ure 1. Co lli sion - i nduced fragmentations of nonan-4-one from this study (below the

diagonal), metas tab le fragmentations from previous EKES study

(7) (above the diagonal), and El mass spectrum (along the

d Iagonal) .

Fugure 2. Major fragmentations of nonan-4-one observed in both this CEO

study . Starred t rans it i o n’, have a lso been ot se’rved In previous

“estastable studle’s (7~. 
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